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n. 1 

Specification 

1 . Title of the invention 

Polyether ester endowed with a shape memory function 

2 . Patent Claims 

1. A polyether ester endowed with a shape memory function with 
the following characteristics: In a polyether ester which consists 
principally of the following constituent units <1> - <5>, wherein 
the sum of the units <1> ~ <2> is a molar equivalent of the sum of 
the units <3> ~ <5>, wherein the sum of the units <2> ~ <4> is 0.01 
~ 10 mol% of the sum of the units <1> ~ <2> (either the unit <2> or 
<4> may be 0), and wherein the ratio of the unit <5> is 10 - 50 
wt%, the glass transition point, melting point, and limiting 
viscosity are 10 ~ 80°C, 100°C or higher, and 0.3 or higher, 
respectively: 

<1>: -OC-F^-CO-; 

<2>: -OC-R 2 -CO-; 

<3>: -O-G^O-; 

<4>: -0-G 2 -0-; 

<5>: -0-(AO) n - 

(R 1 is an aromatic group; R 2 is an unsaturated aliphatic group; 
G 1 is a saturated aliphatic group; G 2 is an unsaturated aliphatic 

1 Numbers in the margin indicate pagination in the foreign 
text . 
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group; A is an alkylene group; n is a number which yields a 
molecular weight of 400 ~ 6,000 for the unit <5>) . 

2. The polyether ester specified in Claim 1 wherein the unit 
<1> is a terephthalic acid residue, wherein the unit <2> is a 
maleic acid or itaconic acid residue, wherein the unit <3> is an 
ethylene glycol residue, wherein the unit <4> is a 2-butene-l , 4- 
diol residue, and wherein the unit <5> is a polyethylene glycol or 
polytetramethylene glycol residue. 

3 . Detailed explanation of the invention 

(Industrial application fields) 

The present invention concerns a polyether ester endowed with 
a shape memory function. 

(Prior art) 

Shape memory alloys of the Ni-Ti type, Cu-Ni-Al type, Cu-Zn-Al 
type, Cu-Zn-Si type, etc. have been well-known in the prior art as 
materials endowed with shape memory functions. 

As resin materials endowed with shape memory functions, 
furthermore, polytransisoprene-type resins (Japanese Patent 
Application Publication Nos. Kokai Sho 55 [1980] -93806 and Sho 
61 [ 1986] -34150 ) , polynorbornene-type resins (Japanese Patent 
Application Publication Nos. Kokai Sho 59 [1984 ] -53528 and Sho 
61 [ 1986] -91244 ) , mixtures of vinyl-type resins and acrylic acid- 
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type resins or synthetic rubbers (Japanese Patent Application 
Publication No. Kokai Sho 63 [1988] -17952) , etc. have been known. 

12 

Coincidentally , polyesters are being used in extremely diverse 
realms in the forms of fibers, films, bottles, and/or other 
general-purpose molded products by virtue of their excellent 
physical properties and processibilities . The demands for 
polyether esters, which are polyesters with which polyalkylene 
ether components have been copolymerized, furthermore, are 
increasing mainly for thermoplastic elastomer applications. 

Incidentally, polyester-type resins endowed with shape memory 
functions have also been studied. A block copolymer of 
polybutylene terephthalate and an aliphatic polylactone has, for 
example, been proposed (Japanese Patent Application Publication No. 
Kokai Hei 2 [1990] -123129) . The melting point of this resin, 
however, is low due to its polylactone origin, due to which its 
applications as molded products become limited; during its 
manufacturing process, furthermore, the operative efficiency is 
inferior, and another problem lies in the irregularity of its shape 
memory function. 

(Problems to be solved by the invention) 

The objective of the present invention is to provide a 
polyether ester endowed with a shape memory function which can be 
manufactured in a favorable operative efficiency and which exhibits 



4 



a stable shape memory function. 



(Mechanism for solving the problems) 

The present inventors compiled exhaustive research on 
polyether esters endowed with shape memory functions, as a result 
of which the present invention has become completed after it had 
been discovered that this objective can be achieved by using a 
specified polyether ester which possesses an unsaturated bond and 
the glass transition point, melting point, and limiting viscosity 
of which are specified. 

In other words, the marrow of the present invention can be 
summarized as follows: 

In a polyether ester which consists principally of the 
following constituent units <1> - <5>, wherein the sum of the units 
<1> ~ <2> is a molar equivalent of the sum of the units <3> - <5>, 
wherein the sum of the units <2> ~ <4> is 0.01 - 10 mol% of the sum 
of the units <1> - <2> (either the unit <2> or <4> may be 0), and 
wherein the ratio of the unit <5> is 10 - 50 wt%, the glass 
transition point, melting point, and limiting viscosity are 10 ~ 
80°C, 100°C or higher, and 0.3 or higher, respectively: 

<1>: -OC-F^-CO-; 

<2>: -OC-R 2 -CO-; 

<3>: -O-G^O-; 

<4>: -0-G 2 -0-; 

<5>: -0-(AO) n - 
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(R 1 is an aromatic group; R 2 is an unsaturated aliphatic group; 
G 1 is a saturated aliphatic group; G 2 is an unsaturated aliphatic 
group; A is an alkylene group; n is a number which yields a 
molecular weight of 400 ~ 6,000 for the unit <5>) . 

In the following, the present invention will be explained in 
detail . 

The polyether ester of the present invention is endowed with 
a "shape memory function," namely a function whereby it is molded 
into an arbitrary shape A, whereby said shape A is fixed and 
memorized by means of its intermolecular cross-linking reaction 
triggered by the cracking of an unsaturated bond or of the 
crystallization of its non-crystalline phase, whereby it is 
subsequently deformed temporarily into a shape B which is different 
from said shape A by impressing an external force, whereby said 
shape B is fixed at a temperature lower than the glass transition 
point, and whereby the shape A is then restored by means of heating 
at a temperature higher than the glass transition point. 

The polyether ester of the present invention consists 
principally of the following constituent units <1> - <5>, and it 
possesses a crystallizable hard segment constituted by the units 
<1> and <3>, a soft segment constituted by the units <1> and <5>, 
and a cross-linkable block constituted by the unit <2> and/or (4) . 

The ratios of the respective units of the polyether ester of 
the present invention, furthermore, satisfy the following 
conditions : 



(a) : That the sum of the units <1> - <2> be a molar equivalent 
of the sum of the units <3> - <5>; 

(b) : That the sum of the units <2> ~ <4> be 0.01 - 10 mol% 
(more preferably 0.1-5 mol%, or most preferably 1-2 mol%) of 
the sum of the units <1> - <2>; and 

(c) : That the ratio of the unit <5> be 10 ~ 50 wt% (more 
preferably 20 ~ 40 wt%, or most preferably 20 ~ 30 wt%) . 

/3 

(a) represents a condition that must obviously be met by a 
polyether ester of a high molecular weight. Moreover, (b) is a 
condition necessary not only for forming an intermolecular cross- 
linked structure but also for yielding a polyether ester with 
excellent physical properties, etc., and in a case where the ratio 
of the unit(s) that possesses an unsaturated bond (i.e., <2> and/or 
<4>) is excessively low, it becomes impossible to form a sufficient 
intermolecular cross-linked structure, whereas in a case where it 
is excessively high, it is undesirable in that gelation occurs 
during a polymerization process and/or that the mechanical 
strengths of the polyether ester diminish. (c) , furthermore, is a 
condition necessary for yielding a polyether ester the shape memory 
function of which manifests within a practical temperature range, 
and in a case where the ratio of the unit <5> is excessively high, 
the ratio of a crystalline phase necessary for fixing the 
reversible phase diminishes, as a result of which it becomes 
impossible to prevent the fluidization of the reversible phase 
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during the deformation and restoration of the initial shape, and 
the restoration of the shape becomes insufficient, whereas in a 
case where the ratio of the unit <5> is excessively low, the 
obtained polyether ester becomes rigid, due to which the 
deformation and restoration of the initial shape become hindered. 

The glass transition point of the polyether ester of the 
present invention, furthermore, coincides with a range of 10 - 
80°C, preferably 15 - 70°C, and optimally 20 - 60°C, and it is 
necessary for its melting point to be at least 100°C. In a case 
where the glass transition point is lower than 10°C, a rubbery 
state prevails at room temperature, and therefore, even if the 
deformation of the molded product is fixed, the practical merit is 
minimal in that the deformation becomes quickly restored [sic] as 
a result of mere unattendance at room temperature. In a case where 
the glass transition point exceeds 80°C, on the other hand, the 
temperature for restoring the initial shape of the molded product 
becomes excessively high, due to which it becomes impossible to 
restore said shape by using hot water, etc., which is inconvenient 
from an operational standpoint. In the case of a polyether ester 
the melting point is lower than 100°C, furthermore, the heat 
resistance becomes insufficient at a stage where it is processed 
into a fiber, film, and/or various other molded products, and since 
melt adhesion, blocking, etc. become unavoidable, practical 
implementations become hindered. 

It is necessary, furthermore, for the limiting viscosity of 
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the polyether ester of the present invention to be at least 0.3, 
preferably 0.4 - 2, and optimally 0.5-1. In a case where its 
limiting viscosity is lower than 0.3, a molded product derived from 
it fails to satisfy the minimal requirements for mechanical 
strengths such as the tensile strength, bending strength, impact 
strength, etc., and furthermore, it becomes difficult to mold it 
into fibers or films. Incidentally, even if the limiting viscosity 
is indiscriminately elevated, the mechanical strengths become 
saturated, accompanied by the exacerbation of moldability, and 
therefore, it is desirable for the limiting viscosity to be 
confined to a moderate magnitude. 

Next, the constituent units of the polyether ester of the 
present invention will be explained more concretely. 

The unit <1> is an aromatic dicarboxylic acid residue unit. 

Concrete examples of aromatic dicarboxylic acids include 
terephthalic acid, isophthalic acid, phthalic acid, 2,6- 
naphthalenedicarboxylic acid, 1, 4-naphthalenedicarboxylic acid, 
4 , 4 1 -diphenyldicarboxylic acid, diphenoxyethanedicarboxylic acid, 
etc., and of these, the terephthalic acid is especially desirable. 

The unit <2> is an unsaturated aliphatic dicarboxylic acid 
residue unit. 

Concrete examples of unsaturated aliphatic dicarboxylic acids 
include maleic anhydride, maleic acid, chloromaleic acid, 
dichloromaleic acid, itaconic acid, fumaric acid, citraconic acid, 
citraconic anhydride, mesaconic acid, heddic acid, heddic 
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anhydride, etc., and of these, the maleic anhydride and itaconic 
acid are especially desirable. 

The unit <3> is a saturated aliphatic diol residue unit. 

Concrete examples of saturated aliphatic diols include 
ethylene glycol, 1, 3-propanediol, 1, 4-butanediol, neopentyl glycol, 
1 , 6-hexanediol, 1, 9-nonanediol, etc., and of these, the ethylene 
glycol is especially desirable. 

The unit <4> is an unsaturated aliphatic diol residue. 

Concrete examples of unsaturated aliphatic diols include 2- 
butene-1, 4-diol, 3-butene-l, 2-diol, etc., and of these, the 2- 
butene-1, 4-diol is especially desirable. 

The unit <5> is a polyalkylene glycol residue unit. 

Such polyalkylene glycols are instantiated by polyethylene 
glycol, polytrimethylene glycol, polytetramethylene glycol, etc., 
and of these, polyethylene glycol and polytetramethylene glycol are 
especially desirable (said polyalkylene glycols may include small 
quantities of polyf unctional alcohols such as trimethylolpropane, 
pentaerythritol, etc. ) . 

It is necessary for the molecular weight of the polyalkylene 
glycol to be 400 ~ 6, 000 (preferably 800 ~ 2, 000) . In a case where 
its molecular weight is lower than 400, it is inappropriate in that 
the glass transition point becomes significantly lowered as a 
result of its copolymerization at a ratio necessary for conferring 
the shape memory function, whereas in a case where its molecular 
weight exceeds 6,000, conspicuous degradations become incurred 
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during a molding operation, and thus, neither case is desirable. 

Incidentally, the polyether ester of the present invention may 
include, in addition to the constituent units <1> ~ <5>, small 
quantities of units derived from aromatic or aliphatic diols such 

/4 

as bisphenol A, cyclohexanedimethanol, etc., aromatic 
hydroxycarboxylic acids such as 4-hydroxybenzoic acid, etc., and/or 
lactones such as ?-butyrolactone, e-caprolactone, etc., and it may 
also include various additives, etc. 

The monomer components that constitute the polyether ester of 
the present invention and their copolymerization ratios can 
respectively be designated over broad spectra, although the 
following may, for example, be orchestrated favorably in 
consideration of the economy, versatility, physical properties, 
etc . 

In other words, a polyether ester which uses terephthalic acid 
as an aromatic dicarboxylic acid component, maleic anhydride as an 
unsaturated aliphatic dicarboxylic acid [component], ethylene 
glycol as an aliphatic saturated diol component, and polyethylene 
glycol as a polyalkylene glycol is recommended. 

Next, a concrete embodiment of a method for manufacturing a 
copolyester of the present invention endowed with a shape memory 
function will be explained with reference to a case of this 
polyether ester. 

Terephthalic acid, ethylene glycol, and polyethylene 'glycol 
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are fed into an esterif ication reaction container, and after the 
contents have been esterified at 190 - 300°C for 1-4 hours under 
a controlled gaseous nitrogen pressure of 0.5 - 5.0 kg/cm 2 , maleic 
anhydride is added to the obtained product at 160 - 270°C, and the 
contents are further esterified for 1-4 hours (it is desirable to 
add a radical polymerization inhibitor such as hydroquinone, etc. 
in the form of an unsaturated bond crack inhibitor during the 
esterifying reaction) . 

After the obtained esterif ication product has been transferred 
to a polymerization reaction container, it is polycondensed at a 
temperature of 180 - 270 °C for 0.5-5 hours at a reduced pressure 
of 1 Torr or lower. 

After the polycondensation has been continued until the 
desired limiting viscosity becomes achieved, normal pressure is 
restored by pumping gaseous nitrogen, and after the 
polycondensation product has then been expelled from the system in 
the form of a staple at an elevated pressure, it is cooled and then 
cut, as a result of which a chip-shaped polyether ester endowed 
with a shape memory function becomes obtained. 

The polycondensation reaction is normally induced in the 
presence of a catalyst, and the polycondensation catalyst is 
selected from among those used commonly for manufacturing 
polyesters such as compounds of metals (e.g., antimony, germanium, 
tin, titanium, cobalt, etc.) and organic sulfonic acid compounds 
(e.g., sulf osalicylic acid, o-sulf obenzoic anhydride, etc.). 



12 



Incidentally, it is also possible to add a polycondensation 
catalyst in advance during the esterifying process. 

The polyether ester of the present invention is molded into 
fibers, films, extrusion molded products, injection molded 
products, etc. based on ordinary methods. The polyether ester of 
the present invention may, furthermore, may also be molded as 
mixtures or composites with other thermoplastic polymers such as 
polyethylene terephthalate, etc. to the extent that the shape 
memory function of the molded product remains unaffected. 

The shape of the obtained molded product can be fixed and 
memorized by cross-linking it or by crystallizing its non- 
crystalline phase at a temperature higher than its glass transition 
point and lower than its initial fluidization point. 

As far as concrete cross-linking mechanisms are concerned, 
electron beams or ultraviolet rays may be irradiated, or a thermal 
treatment may be performed upon the completion of the molding 
operation, and in a preferred embodiment, an organic peroxide 
(e.g., ketone peroxide, peroxyketal, hydroperoxide, dialkyl 
peroxides, peroxy esters, peroxy dicarbonates, etc.) or azo 
compound (e.g., azobisisobutyronitrile, etc.) is added as a cross- 
linking agent during the molding operation, and a thermal treatment 
is performed after the molding operation; the latter is the more 
desirable . 

With regard to the molded product constituted by the polyether 
ester of the present invention, it is desirable for the temperature 
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at which the molded product into which the shape A has been 
memorized is induced to become deformed into a molded product of 
the shape B to be equal to or higher than the glass transition 
point. There are no special restrictions on deformation impression 
mechanisms., and the molded product can be induced to become 
deformed in a temperature environment which is conducive to the 
deformation of the molded product (e.g., within hot air, within hot 
liquid, within steam, etc.) depending on the shape or thickness of 
the molded product. 

The deformation can be fixed by simply cooling the molded 
product which has been deformed under the aforementioned conditions 
below the glass transition point while its deformation is being 
preserved. 

The molded product of the shape A can be recovered from the 
molded product of the shape B by heating it at a temperature equal 
to or higher than the glass transition point and lower than the 
initial fluidization point, and in such a case, deformation occurs 
automatically, as a result of which the shape A becomes restored. 
The time required for restoring the shape A becomes generally 
abbreviated as the temperature increases. 

Incidentally, in a case where all the copolymerized 

/5 

unsaturated bonds have become consumed during the cross-linking 
reaction, the semi-permanently fixed and memorized shape A cannot 
be cancelled, although the same may be cancellable under the 



pervasion of a specified structure, as in a case where not all the 
copolymerized unsaturated bonds have become consumed in the course 
of the cross-linking reaction during -the fixation and memorization 
of the shape A, where they persist to remain within the polyether 
ester as unsaturated bonds, and where the number of cross-linking 
points is small, etc.; a re-memorizable case is also conceivable. 

(Functions) 

Softening and curing phases of the polyether ester of the 
present invention are reversibly triggered in accordance with a 
temperature variation, as a result of which reversible phases which 
serve deformation recovery functions (i.e., soft segment and hard 
segment) and fixed phases which ensure the manifestation of a 
specified shape by preventing molecule fluidization based on an 
intermolecular cross-linking reaction or on the crystallization of 
the non-crystalline phase (i.e., cross-linking points and 
crystalline phases) become formed, and the memorization of the 
shape is presumably enabled by the interplay of the latter with the 
aforementioned reversible phases. 

(Application examples) 

Next, the present invention will be concretely explained with 
reference to application examples. 

Incidentally, the performance parameters of the polyether 
esters were measured according to the following procedures in these 
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application examples . 



limiting viscosity T?1 

It was measured at a temperature of 20 °C by using a weight 
equivalent mixture of phenol and tetrachloroethane as a solvent. 

Glass transition point (Tcr) and melting point (Tm) 

They were measured at a temperature elevation rate of 
20°C/min. by using a differential scanning calorimeter (Model DSC- 
2, manufactured by Perkin Elmer Co.). 

Initial fluidization point (Tf) 

It was calculated as a temperature at which the polymer began 
to flow out of a die in a case where the temperature was elevated 
at a rate of 10°C/min. from an initial temperature of 50°C by using 
a flow tester (Model CFT-500, manufactured by Shimazu Mfg. Co.) 
under the following conditions: Load: 100 kg/cm 2 ; nozzle diameter: 
0.5 mm. 

Presence or absence of shape memory function 

The shape of the molded product constituted by the polyether 
ester was fixed and memorized by means of a 30-min. thermal 
treatment at a temperature approximately 20 °C lower than the Tf, 
and the presence or absence of the shape memory function of the 
obtained molded product was judged according to the following 
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criteria . 

Shape memory function present 

Case where the deformation can be fixed below the Tg, where 
its total shape recovery at Tg or above is possible, and where no 
deformation is incurred as a result of unattendance at a 
temperature lower than the Tg. 

Shape memory function absent 

Case where the fixation of the deformation at or below the Tg, 
is impossible or incomplete or where the recovery from the fixed 
deformation at or above the Tg is impossible or incomplete. 

Application Example 1 

After 7.3 kg of a polytetramethylene glycol (PTMG) with an 
average molecular weight of 1,000, 2.5 kg of ethylene glycol, and 
16 g of tetrabutyl titanate, which served as a catalyst, had been 
added to 29.9 kg of a bis (fi-hydroxyethyl terephthalate ) and its 
oligomer (PET oligomer) which had been obtained as a result of the 
esterif ication of terephthalic acid and ethylene glycol, the 
obtained mixture was esterified over a 1-hour period at 250°C under 
a controlled gaseous nitrogen pressure of 3.6 kg/cm 2 , and after 44 
g of maleic anhydride had subsequently been added to it, the 
obtained mixture was further esterified for 0.5 hour at 250°C under 
a controlled gaseous nitrogen pressure of 3.6 kg/cm 2 . 
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After the obtained esterif ication product had been transferred 
to a polycondensation reaction container, it was polycondensed at 
2[5]0°C and [0.4] Torr over a 3-hour period, as a result of which 
a polyether ester was obtained. 

The data on the obtained polyether ester were as follows: Tg 
= 46°C; Tf = 236°C; Tm = 247°C; [?] = 0.71. 

After this polyether ester had been extrusion-molded at a 
temperature of 250°C, a ■ staple-shaped object with a diameter of 3 
mm was obtained. 

Next, this staple-shaped object was coiled around an iron 
cylinder with a diameter of 2 cm, and after the obtained structure 
had subsequently been thermally treated within a 200°C hot air 
dryer over a 30-min. period, a coil-shaped molded product was 
obtained. 

In order to evaluate its shape memory function, the obtained 
coil-shaped molded product was induced to become deformed into a 
linear shape within a 60°C hot water, and after its deformed shape 
had then been temporarily fixed in a 20°C water, it was immersed in 
the 60°C hot water once again, and the extent to which the shape 
was recovered was evaluated, as a result of which the initial shape 
was restored instantaneously, and a favorable shape memory function 
was thus exhibited. 

/6 

Incidentally, in a case where the aforementioned staple-shaped 
object was coiled around an iron cylinder with a diameter of 2 cm, 
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where a coil-shaped molded product was prepared from it without 
recourse to a thermal treatment, and where it was induced to become 
deformed into a linear shape in a 60°C hot water, immersed in a 
20°C water, and then immersed in the 60°C hot water once again, it 
was impossible to restore the coil shape. 

Application Example 2 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that the 
utilization ratio of the PTMG was changed to 19.2 kg. 

The data on the obtained polyether ester were as follows: Tg 
= 23°C; Tf = 192°C; Tm = 208°C; [?] = 0.52; it exhibited a 
favorable shape memory function. 

Application Example 3 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that the 
utilization ratios of the PET oligomer and maleic anhydride were 
changed to 27.7 kg and 1.2 kg, respectively. 

The data on the obtained polyether ester were as follows: Tg 
= 42°C; Tf = 216°C; Tm = 231°C; [?] = 0.64; it exhibited a 
favorable shape memory function. 

Application Example 4 

A polyether ester was manufactured according to procedures 
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similar to those in Application Example 1 except that the 
utilization ratios of the PET oligomer and maleic anhydride were 
changed to 30.0 kg and 15 g, respectively. 

The data on the obtained polyether ester were as follows: Tg 
= 49°C; Tf = 235°C; Tm = 246°C; [?] - 0.57; it exhibited a 
favorable shape memory function.. 

Application Example 5 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that 7 . 3 kg of a 
polyethylene glycol with an average molecular weight of 1,000 was 
employed in place of the PTMG and that 59 g of itaconic acid was 
employed in place of the maleic anhydride. 

The data on the obtained polyether ester were as follows: Tg 
= 44°C; Tf = 216°C; Tm = 229°C; [?] = 0.59; it exhibited a 
favorable shape memory function. 

Application Example 6 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that 55 g of 2- 
butene-1, 4-diol was employed in place of the maleic anhydride. 

The data on the obtained polyether ester were as follows: Tg 
= 42°C; Tf = 206°C; Tm = 218°C; [?] = 0.48; it exhibited a 
favorable shape memory function. 



20 



Comparative Example 1 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that the 
utilization ratio of the PTMG was changed to 1.5 kg. 

The data on the obtained polyether ester were as follows: Tg 
= 55°C; Tf = 241°C; Tm - 254°C; [?] = 0.67. 

In a case where the shape memory function of this polyether 
ester was judged according to criteria identical to those in 
Application Example 1, it was impossible to induce the deformation 
of the coil-shaped molded product into a linear shape due to the 
rigidity of the polymer, which is in turn attributable to the 
minimal soft segment ratio. 

Comparative Example 2 

A polyether ester was manufactured by using 14.8 kg of a PET 
oligomer, 22 g of maleic anhydride, 1.3 kg of ethylene glycol, and 
. 22.5 kg of PTMG. 

The obtained polyether ester was a non-crystalline polymer 
with the following attributes: Tg = -5°C; Tf = 162°C; [?] = 0.88. 

In a case where the shape memory function of this polyether 
ester was judged according to criteria identical to those in 
Application Example 1, it was impossible to fix the shape at room 
temperature due to an excessively low Tg in a case where attempts 
were made to deform the coil-shaped molded product into a linear 
shape and to fix the deformed shape, due to which the initial shape 
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became gradually restored. 

Comparative Example 3 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that the 
utilization ratios of the PET oligomer and maleic anhydride were 
changed to 30.0 kg and zero, respectively. 

The data on the obtained polyether ester were as follows: Tg 
= 47°C; Tf = 232°C; Tm = 244°C; [?] = 0.62. 

In a case where the shape memory function of this polyether 
ester was judged according to criteria identical to those in 
Application Example 1, a shape memory function was acknowledged, 
but the shape recovery was slow. 

Comparative Example 4 

A polyether ester was manufactured according to procedures 
similar to those in Application Example 1 except that the 
utilization ratios of the PET oligomer, maleic anhydride, and 
ethylene glycol were changed to 24.0 kg, 2.9 kg, and 4.6 kg, 
respectively. 

The data on the obtained polyether ester were as follows: Tg 
= 37°C; Tf = 205°C; Tm = 215°C; [?] = 0.74. 

In a case where the shape memory function of this polyether 
ester was judged according to criteria identical to those in 
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n 

Application Example 1, a shape memory function was acknowledged, 
but the polymer was brittle and practically unusable. 

Incidentally, the ratios of the respective constituent units 
of the copolyesters of the aforementioned application examples and 
comparative examples are summarized in Table I. 



Table I 





Constituent units 


Unit <5> 




(molar ratio) 


wt% 



<1> 



<2> 



<3> I <W 



<5> 



Application 


1 


99.7 


0.3 


95. 1 


0 


4.9 


20 


Examples 


















2 


99.7 


0.3 


87.2 


0 


12.8 


40 




3 


91.8 


8.2 


95. 1 


0 


4.9 


20 




4 


99. 9 


0.1 


95.1 


0 


4.9 


20 




5 


99.7 


0.3 


95.1 


0 


4.9 


20 




6 


100 


0 


94.8 


0.3 


4.9 


20 


Comparative 


1 


99. 7 


0.3 


99.0 


0 


1.0 


5 


Examples 


















2 


99.7 


0.3 


69.7 


0 


30.3 


61 




3 


100 


0 


95.1 


0 


4.9 


20 




4 


71. 0 


29.0 


95.1 


0 


4.9 


21 



23 



(Effects of the invention) 

The present invention enables the manufacture of a polyether 
ester endowed with an excellent shape memory function 
inexpensively . 

The polyether ester of the present invention can, furthermore, 
be used as joining materials or sealing materials for pipes, 
electric cables, etc., laminating materials for the. interiors and 
exteriors of pipe- or bar-shaped objects, object coating materials, 
work and/or construction fixation materials (e.g., tightening pins, 
clamps, etc.), medical equipment resources (e.g., balloon catheter, 
etc.), portable containers or eating utensils which are folded at 
the time of non-use and the unfolded shapes of which are restored 
at the time of use, components which require deformation recoveries 
after shock absorption (e.g., automotive bumper, etc.), toy 
components, office and school supplies, decorative components 
(e.g., artificial flowers, brooches, etc.), electromechanical 
components (e.g., thermosensitive switches, etc.), packings and 0 
rings, mold casting materials, and various others such as leisure 
goods, etc. 

Patent Applicant: Nihon Ester Co., Ltd. 
Agent: Yuzo Kodama 
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